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1

METHOD AND APPARATUS FOR CONFIGURING
A SELECTED ADAPTER UNIT ON A COMMON
BUS IN THE PRESENCE OF OTHER ADAPTER

UNITS

BACKGROUND OF THE INVENTION

This invention relates to the field of adapter connec-
tivity and configuration setup techniques in computers
which accept plug-in adapters, and more particularly to
a computer with a true parallel connection bus where
the positioning of an adapter device at a connector on
the bus i1s independent of intended operation.

- A peripheral or interface apparatus for a computer '

system, commonly known as an adapter, performs tasks
between a central processing unit (CPU) with its related
circuitry (.e.g., random access memory) and peripheral
devices, such as a video display, a printer, a mass stor-
age device, a telecommunications device or a network.
These tasks include of reception, buffering processing
and transmission of data. Each adapter must be config-
ured to operate properly within its environment.
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In the past, adapters have been rendered distinguish-

able by the placement position on a quasi-parallel bus
structure (a bus which has position-sensitive or num-
bered connectors), such as found in the Extended ISA
(EISA) environment or the MicroChannel environ-
ment, and/or by use of manual switches whereby the
access or base address of the adapter in the memory
space or Input/Output space of the processor is physi-
cally preset manually. In a true bus environment, such
as is the case for the ISA bus, selective adapter place-
ment is not possible and the manual setting of switches
is not convenient or practical in some instances.

It is desirable to eliminate physical switches alto-
- gether and to enable “soft” conﬁguratlon of an adapter.
What would be highly useful is a2 mechanism whereby
any adapter type equipped with appropriate automating
elements can be electronically configured and automati-

235

35

cally identified so that physical switch setting can be 40

eliminated and/or so the adapter can be rendered insen-
sitive to slot positioning.

SUMMARY OF THE INVENTION

According to the inventién, in a cdmputer system 45

bhaving a central processing unit which employs soft-

ware drivers as part of a host for controlling peripheral

units and including a paraliel signal bus for connecting
with adapters for the peripheral units, wherein each
adapter has distributed intelligence means for interpret-
ing simple command information and a nonvolatile
storage element for storing default configuration infor-
mation, mcludmg a default port address for communica-

tion, a method is provided for configuring such intelli-

gent adapters connected to the bus. The method in-
‘cludes initializing the intelligent adapters by applying
power to the bus or by issuing a global reset signal and
causing a driver to be loaded by the central processing
unit so that the host broadcasts an initiation key which
consists of a sequence of write commands via the bus to
any adapters on the bus to elicit responses from the
intelligent adapters in an interactive manner to narrow
communication between the intelligent adapters and the
hostto a smgle intelligent adapter without first sPecﬂ'y-
ing a unique port address. The narrowing process in-

35
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volves prompting the intelligent adapters to first rank

~ themselves for communication with the host by refer-
- ring to unique ordered value information, e.g., an identi-

2

fication serial number, stored in the nonvolatile storage
element, such as an EEPROM element, placed on the
adapter, and then having identified itself in the hierar-
chy, defer attempts at communication to other adapters
having a higher rank. The adapter having the highest
rank 1s then free to interactively communicate over the

bus and to accept and report information without inter-

ference from other adapters.

Specifically, each intelligent adapter does not auto-
matically invoke the default configuration upon initial-
ization other than the default port address, but rather
starts with an arbitration procedure. Each driver, which
is loaded by the host and is to be used for enabling
communication between the central processing unit and
the adapter, causes a broadcast on the bus of an identifi-
cation request sequence (Write ID Sequence) to prompt
all initialized intelligent adapters into a command state
and to return contents of a specific word address in the
nonvolatile storage element. Thereafter, the host and all
of the intelligent adapters interact using a primitive
distributed intelligence means, i.e., a state machine, in a
Read and Contend protocol which references the
adapter’s identification serial number value, each of
which is unique to each adapter, to cause each adapter
in turn to decide for itself whether it is the highest serial
numbered adapter. Once an adapter has been noted as
being the highest ranking active adapter, the host tags

‘the ranking adapter with a tag and dismisses the ranking

adapter, the tag assigning the adapter a unique identity.
Adapters which have been tagged do not participate in
the subsequent contention schemes which rank the re-
maining adapters. The host can select the tagged adapt-
ers by tags. The host can then command the selected
adapter to activate some or all of the default configura-
tion based on information stored in the nonvolatile stor-
age unit. The command can also cause the host and the
tagged adapter to lock onto a port address other than
the default port address.

In subsequent interaction with the remaining adapt-
ers, substantially identical drivers are installed, and a
similar protocol is followed until all of the adapters
have been configured and enabled with unique port
addresses. The tags may be used by the adapters them-
selves to streamline the read and contend protocol.

The invention eliminates jumpers and switches, rely-
ing merely on an EEPROM element, which is a nonvol-
atile programmable element, for all configuration infor-
mation. Use of multiple, initially identical adapters are
allowed in a true bus environment without danger of
port contention.

A key feature of the setup procedure is control and
attention to contention. The adapter is not rendered
visible to other adapters on the bus until after automatic
configuration logic has completed its reading of the
EEPROM element and its loading of the configuration

registers. A further understanding of the nature and

advantage of this invention may be realized by refer-
ence to the remaining portions of the specification and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of pertinent portions of a
host computer, host bus and an adapter unit according
to the present invention. |

FIG. 2 is a block dlagram of a portion of a memory

space of a host computer.
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for a software driver 14. More importantly host 1/0O

3

FIG. 3 is a process diagram of the automatic configu-
ration sequence according to the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to FIG. 1, a block diagram is shown of a
portion of an interconnection of an exemplary adapter
10 which could be used according to the present inven-
tion with a client host central processing unit 12 con-
nected via a true parallel bus, herein a host bus 20, such

as an ISA bus, and intended to communicate with the
adapter 10 through a software driver 14. The adapter 10

10

illustrated is merely an example showing part of the

functional units and is not intended to be limiting as to
the type of adapter which could be used in accordance
with the invention.

Adapter 10 comprises a number of elements coupled
to the host bus 20. The adapter 10 components enclosed
by a dotted line indicate that this circuitry may all be

15

contained within a single Application Specific Inte- '

grated Circuit (ASIC) 210. Adapter 10 may also employ
an EEPROM 220, a nonvolatile digital storage device,
coupled to the ASIC 210 to provide, in response to
commands, certain data, such as 1) an adapter identifica-
tion term, which is unique for each adapter 10, which is
also called a serial number stored 1n a specific memory
location (Serial No. 222), i1) a default adapter 1/0 base
address, stored in a location called the 1/0 base config-
uration 224, and additional defauit adapter configura-
tion descriptions, stored in locations such as herein
called resource configuration 226. Also contained
within and employed throughout the ASIC 210 are
other circuit components which may be specific to a
particular adapter function but which are not pertment
to the present invention.

The ASIC 210 includes host interface state machines
240, namely, simple logic elements to respond to com-
mands received through the host bus. Among the state
- machines 240 is an ID sequence state machine 242,
which is coupled to a selected bit line 22 of the host bus

20
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space 113 has a default base address 117 associated
therewith. The 1/0 base address 117 is accessible to any
adapter monitoring the port addresses 115 through the
host bus 20 (FIG. 1). Thus, any instruction directed by
the host 12 to the I/0O base address 117 through the

software driver 14 will elicit a response from all units,
devices or adapters monitoring or sharing that address,

thereby causing intolerable communication interference

on the host bus 20.

According to the invention, after power up or a
global reset or a specific command, the adapter 10 is not
visible to the host 12 until after the automatic configura-
tion logic in the form of the host interface state machine
240 has completed an identification sequence and after

the adapter address has been set.

FIG. 3 is a flow chart of a method accordmg to the
invention. An adapter 10 powers up or a global reset is |
invoked. At the outset, the adapter 10 is prevented from
using the default resources and is isolated from the host
bus 20 (Step A). The adapter 10, not yet under control
of the software driver 14, thereupon retrieves the con-

- tents of the EEPROM 220 for the serial number (loca-

25
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tion 222) and stores the serial number in the serial num-
ber register 122 of the host (Step B). (At this point, the
contents of EEPROM may also be loaded to the 1/0
base address register 124 and other resource configura-
tion registers 126.) Since the contents of each EE-
PROM are being transferred to a physical location on
each associated adapter and not to the bus 20, and since
there is no information returned to the host 10, there is
at this point no concern about interference among
adapters. In connection with this initialization, all
adapters 10 monitor all of the I/O address space 113 or
a selected subset. When the ID sequence as hereinafter

- explained is written to a particular I/0O address, that

20 through a wired-OR-type driver circuit 250 for driv- 40

~ ing the selected bit line 22 and through a conventional
receiver circuit 252 for reading signals on that selected
bit line 22. (The key element is an open collector driver,
an open drain driver or any circuit whose signal can be
read and compared with local source data and which is
subject to override by action by other drivers applym g
logic sngna.‘ls to a common node.) |

Also in the ASIC 210 are volatile storage registers,
including an I/O base register 124 for receiving and
storing the I/0 base 224 from the EEPROM 220, other
resource configuration registers 126 for receiving and
storing the resource configurations 226 from the EE-
PROM 220 and a serial number register 122 for receiv-
ing and storing the serial number 222 for the adapter 10.
These registers are accessible within the ASIC 210
during applied power periods. In the absence of applied
power, the registers store nothing, since the EEPROM

220 stores all such information w1thout power, as it is

nonvolatile.

The ASIC 210 also contains a tag register 128, as
 hereinafter explained, and it may also include an ID-
port address register 130 (which could be a hardwired
element specifying a common default port address used
for the ID sequence state machine for contention).

The problem of having multiple adapters initially
addressable at the same default port location of host
computer I/0 space is illustrated in FIG. 2. The host
computer memory space 110 has in it an area set aside

45
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address is stored by the adapter 10 in the ID port ad-
dress register 130 as the ID port 114, and then the ID
sequence state machine 242 enters the command state.
Specifically, the host writes a complete ID sequence,
one byte at a time to the address which is to become the
ID port 114 while the adapter 10 watches for the exact
ID sequence of bytes in the I/0 address space (Step C).

- Thereatfter, the host 12 1nitiates a contention protocol
by reading from the ID port 114 on the host bus 20
(Step D). The contention protocol is a “mask for ID”
sequence wherein one bit at a time 1s read by the host
12, read and compared by the adapter 10 with its own
serial number, namely the value in the serial number
register 122. The host 12 issues a read command to the
host bus 20, each read returning one bit of a serial num-

~ ber from the serial number register 122. Each time a
- read is done, the adapter 10 reads bit line 22 through the

3

wired-OR logic element 250 and compares the bit with
its own corresponding bit from the serial number regis-
ter 122 through receiver 257. Contention logic is in-
voked to determine if it is the lowest serial number. The

~ ID sequence state machine 242 returns the serial num-

ber one bit at a time. If it has issued a zero (0 or voltage
low on an open collector driver, which is considered by

- this convention to be of highest ranking) through the

driver 2580, it expects to see a zero (0) at the receiver

-~ 252. The ID sequence state machine 242 compares the

65

corresponding bit in the serial number register 122 with

the data from receiver 252 to determine if there is a

match. If there is a match, the process continues with
issuance of the next bit.
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If there are multiple adapters in the system and one of

them drives out a one (1) while the adapter of interest
drives out a zero (0) on the bit line 22 of the host data

bus 20, then, due to the wired-OR logic, both adapters -

will read a zero (0) on the bit line 22. The contention
test continues with each bit. If the data does not com-
pare (Step E) with the data driven out, then the ID
sequence state machine 242 has a contention failure
(Step F). This is a signal to cause the adapter 10 to go
into an 1nactive state (Step F). It will wait for a next ID
sequence. |

Specifically, the adapter 10 tests itself to determine if
it is the highest ranking adapter (lowest serial number 0
not 1) still on the bus and if so, the host 12 configures
the adapter 10 (Step G), tags the adapter 10 for future
reference with a value placed in the tag register 128, and
dismisses the adapter 10 (Step H). The content of the

tag register 128 can be read by the software driver 14

and used to identify the adapter 10 and possibly select
the adapter 10 for later access. The wntmg of the ID
sequence continues (Step I) for the remammg adapters
which had contention failure.

Since serial numbers are by definition unique, only
the single adapter with the highest ranking serial num-
ber (closest to zero) will be active at the end of the
contention sequence. This adapter 10 can then commu-
nicate uniquely, i.e., without interference from the
other adapters, with the software driver 14 of the host
12 (Step J). .

Multiple software drivers and multiple adapters can
be loaded and set up in a similar automatic manner.
Once the first software driver 14 has been loaded and

has established communication uniquely with an

adapter, additional drivers can be activated and the
content of the Tag register can be used to uniquely

10
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identify each adapter on the bus without repeating the _

entire ID sequence.

The mnvention has now been explained with reference
to specific embodiments. Other embodiments will be
apparent to those of ordinary skill in the art. It is there-

fore not intended that this invention be limited, except

as indicated by the appended claims.

- What is claimed is:

1. A method for configuring a selected adapter unit
on a host bus of a host computer in the presence of at
least one other adapter unit also coupled to said host bus
to interact with said host computer in a common ad-
dress space, said configuring method for assigning to
said selected adapter unit a unique address in said ad-
dress space, said selected adapter unit and each said
~other adapter unit baving an initially unknown port
address in address space of the host computer, said
selected adapter unit and said at least one other adapter

unit being initially mdlstmgmshablc to said host com-.

puter, the method comprising the steps of:
providing in said selected adapter unit and each said
at least one other adapter unit nonvolatile storage

means with a record of an adapter serial number

having an inherent value, said adapter serial num-
ber being globally unique for said selected adapter
‘unit and each said at least one other adapter unit, a
- default adapter I/O base address, and a default
adapter configuration description; |
provldmg volatile register means in said selected
adapter umit and each said at least one other

45
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providing an identification sequence state machine
means in said selected adapter unit and each said at
least one adapter unit for controlling access via the
host bus to said selected adapter unit and said at
least one other adapter unit;

providing in said selected adapter unit and in said at
least one other adapter unit at a selected bit posi-
tion of the host bus an open-drain-type driver cir-
cuit for use in a wired-OR logic function when
coupled to the host bus;

providing driver logic means at the host computer for
broadcasting commands and for reading and writ-
ing information on the host bus; thereafter

initializing said selected adapter unit and said at least
one other adapter unit to prevent said selected
adapter unit and said at least one other adapter unit
from responding to accesses to resources from the
host computer via the host bus other than a default

1/0 port, and to initially load said volatile register

means with at least said adapter serial number:

thereafter

broadcasting by means of the driver logic means a
command via the host bus to cause said selected
adapter unit and said at least one other adapter unit
to respond to a contention protocol; thereafter

causing said selected adapter unit and said at least one
other adapter unit to contend for right to access to
the host bus, by:

1) writing in response to a host-issued read access
command by means of said identification se-
quence state machine a write bit value of said
adapter serial number according to bit position

- sequence to said selected bit position to said
volatile register means through said open drain-
type-driver circuit; thereupon at the end of the
writing step

ii) reading by means of said identification sequence
state machine from said volatile register means
said selected bit position for a read bit value;
thereafter

11i) comparing the write bit value and the read bit
value for a match; and

-iv) if there is a match, repeating with steps i), ii) and
11) for a next bit value, until a complete sequence
representing all bits of a serial number has been
read; and -

v) if there is not a match, noting a contention fail-
ure in said at least one other adapter unit and
‘terminating the contending steps for said at least
one other adapter unit;

- to cause said selected adapter unit, which has thhest
adapter sequence based on said inherent value of
said serial number relative to at least one other

~adapter unit, 1s alone active at the default port
address on the host bus; and |
enabling by means of the identification sequence state
machine the selected adapter unit to communicate
with the host computer via the driver means upon
reference to said selected address. |
2. The method according to claim 1 wherein said
selected adapter unit is isolated and provided with a tag
for reference agajnst participation, including said se-

- lected adapter unit, in further contention.

65

‘3. The method according to claim 1 ‘wherein said

: adapter unit for active storage of said adapter serial  enabling step includes:
number, a current adapter I/0O base address and a

cun'ent adapter conﬁguratlon descnptlon.,

“accepting instructions from the host computer to
establish an adapter configuration description to
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other than the default adapter configuration de-
scription.
4. An apparatus for use in a host computer having a

host bus, for use in a selected adapter unit coupled to

sald host bus and for use in at least one other adapter
unit also coupled to said host bus, said selected adapter
unit and said at least one other adapter unit being ini-
tially indistinguishable to said host computer, to config-
ure the selected adapter unit in the presence of said at
least one other adapter unit also coupled to said host bus
to interact with said host computer in a common ad-
dress space, said apparatus comprising:

a nonvolatile storage means in the selected adapter

unit with records of an adapter serial number, a
default adapter base address, and a default adapter
configuration description for the adapter unit;

a volatile register means in the selected adapter unit
for active storage of said adapter serial number,
current adapter base address and a current adapter
configuration description; |

an identification sequence state machine means in said
selected adapter unit for controlling access via the
host bus to said volatile register means;

a wired-OR-type driver circuit in said selected
adapter unit at a selected bit position of the host bus
for use in a2 wired-OR logic function;

driver logic means at the host computer for broad-

10

15

20

25

casting commands and for reading and wntmg |

information on the host bus;
said identification sequence state machine including
contention logic for allowing said selected adapter

30
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8

unit to select for itself a value for use as said current

base address in address space of the host computer,

said contention logic including:

i) means coupled to said wired-OR-drniver circuit
for writing a write bit value of said adapter serial
number according to bit position sequence to
said selected bit position to said volatile register
means; thereupon at the end of the writing

'il) means for reading said selected bit position from
said volatile register means for a read bit value;
thereafter

iii) means for comparing the write bit value and the
read bit value for match; and

1v) means, if there is a match, for repeatedly writ-
ing, reading and camparing until a complete
sequence representing all bits of a serial number
has been read; and

v) if there is not a match, means for not:mg a con-
tention failure in the at least one other adapter
unit and terminating the contention;

to cause said selected adapter unit, if it has a highest
adapter sequence, as sensed from value information
inherent in said serial number, relative to said at

- least one other adapter unit, to be set uniquely at a

selected address in sa:ld address space of the host

bus; and

‘means coupled to said host bus for enabling the se-

lected adapter unit to communicate with the host
computer via the driver means upon reference to

said selected address.
. * * % X %
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